40, and 50 days after inoculation and four replications per sampling date. Positions of pots on greenhouse benches were assigned according to a random number table (11). The inoculum was grown in 100 ml of yeast extract-mannitol broth (pH 6.8) in 250-ml Erlenmeyer flasks (13). Stationary cultures were used for the inoculum. Plants were pregerminated for 2 days in a seed germinator, and their roots were dipped in the inoculum before planting. Immediately after planting, 5 ml of inoculum was added. Two seeds were planted per pot, and after 10 days the plants were thinned to one per pot. Six uninoculated plants were included as controls, and two of these were sampled on each sampling date. Plants were grown hydroponically in sterile horticultural perlite. The methods of McClure and Israel (7) were used to inoculate and provide a nitrogen-free nutrient solution for plant growth. The maximum greenhouse temperature was kept below 35°C, and the plants displayed no apparent heat damage.
6 to 8 h. In 1982 Keyser et al. (5) reported a number of strains isolated from a Chinese soybean cultivar Peking (Glycine max (L.) Merr.) and from Glycine soja (L.) Sieb. and Zucc., the ancestral soybean. These strains grow more rapidly, with a generation time of 2 to 4 h, and have been classified as a new species, Rhizobium fredii (9) . Both nodulation and nitrogen-fixation genes have been shown to be carried on 150-to 200-megadalton (MDa) plasmids in these strains (1, 6) . Strain USDA 206 has been shown to harbor three plasmids, of 54, 60, and 197 MDa (6) . The 197-MDa plasmid hybridizes probes for both nodulation and nitrogen-fixation genes (1, 6) . In contrast, it has recently been shown that a mutant of strain USDA 206C cured of its 197-MDa plasmid effectively nodulates Peking soybeans (W. M. Barbour, J. N. Mathis, and G. H. Elkan, Applied Environ. Microbiol., in press). It has also been shown that curing this 197-MDa plasmid results in the probable loss of two nif gene copies. In addition to these data, either one or both of the smaller plasmids and the chromosomal DNA in USDA 206 have nifDH homology.
To better understand the effect of curing Sym gene copies on the 197-MDa plasmid, the symbiotic effectiveness of cured and wild-type USDA 206 was compared. Nitrogenase activity, nodulation, and plant growth parameters were measured for each of the strains. (3, 8) .
MATERIALS AND METHODS
Analysis of data. Data were subjected to analysis of variance by using computer programs developed by the Statistical Analysis System (4). To pool data from various sampling dates, we used a logarithmic transformation (11) whenever it was statistically appropriate. Strains pling dates were designated as fixed effects for statistical tests.
RESULTS

Nodulation and nitrogen-fixation analyses. Plants nodulated
by wild-type USDA 206 showed an enhanced level of nodulation and nitrogenase activity (Table 1) . These plants showed earlier greening by 2 to 3 days when compared with plants nodulated by USDA 206C. In data collected 30 days after inoculation, nodule number and nitrogenase activity were 40 and 60% higher, respectively, for wild type-inoculated plants. These values showed statistical significance at the 10% level. Nitrogenase specific activity showed a significant difference at the 5% level, with the wild-type strain having a 29% higher level of activity. Sampling at 40 days gave statistically significant results for only nitrogenase activity per plant (5% level), which showed a 66% enhanced level for the wild type-inoculated plants. Nitrogenase specific activity, nodule number, and nodule mass also showed higher values for USDA 206-inoculated plants. These values were 13, 35, and 43% higher, respectively. By 50 days after inoculation, some of the plants had begun to flower, and their nodules had begun to senesce. Means for nodule number, nodule fresh weight, and nitrogenase activity continued to show enhanced levels for USDA 206-inoculated plants, but no statistical significance was detected.
To improve analysis of data, we combined results across sampling dates. When dates 1 and 2 were pooled, statistical significance was obtained for nodule number, nodule mass, nitrogenase activity per plant, and nitrogenase specific activity. Nodule mass was significant at the 10% level, with a 39% greater value for strain USDA 206-inoculated plants. Nodule number was 35% greater for wild type-inoculated plants, and nitrogenase specific activity was 17% greater. Both these differences were statistically significant at the 5% level. Nitrogenase activity per plant was 66% greater for USDA 206-inoculated plants and showed significance at below the 1% level. When pooling data from all three sampling dates, we again obtained statistical significance for each of the above-mentioned parameters. Nitrogenase specific activities showed a 10% higher level for wild type-inoculated plants and were significantly different at the 10% level. Nodule fresh weight and nodule number showed 39 and 29% greater values, respectively, for strain USDA 206-inoculated plants and were statistically significant at the 5% level. Nitrogenase activity per plant again was significant at the 1% level and showed a 44% higher value for USDA 206-inoculated plants. Uninoculated plants possessed at most only two or three small nodules and failed to produce detectable amounts of ethylene.
Recovery of inoculum from nodules. After acetylene reduction assays, two or three nodules per plant were screened to ensure that contamination had not occurred. Each nodule screened was shown to contain the proper strain, either USDA 206 or USDA 206C, with the correct plasmid profile (Fig. 1) .
Dry weight and nitrogen analyses. Plants nodulated by strain USDA 206 showed a 52% greater dry weight than those nodulated by strain USDA 206C 50 days after inoculation ( weight over time for USDA 206-and USDA 206C-inoculated plants is illustrated in Fig. 2 . Dry weight between 40 and 50 days increased substantially for both USDA 206-and USDA 206C-inoculated plants. However, plants inoculated with USDA 206 showed a 62% greater increase in dry weight for this period when compared with those inoculated with USDA 206C. No significant differences between strains were obtained for either percentage of nitrogen or total nitrogen per plant. Total nitrogen per plant approached significance when all three sampling dates were pooled, with a 38% enhanced level for wild type-inoculated plants. This was expected because dry weight data showed significance and percentage of nitrogen showed uniform values for both strains. However, the variation in percentage of nitrogen values for individual plants inoculated with each of the strains was enough to cause the total nitrogen values to lose significance.
Uninoculated control plants were very small and chlorotic when compared on each of the sampling dates with plants nodulated by either strain USDA 206 or USDA 206C. After 50 days, both uninoculated control plants had a dry weight of <0.2 g.
DISCUSSION
Reduced nodule number in plants inoculated with strain USDA 206C may indicate that plasmid curing resulted in the reduction of some factor required for nodulation. Further evidence for this idea is that nodule number remained constant between sampling dates 2 and 3 for the wild-type strain but continued to increase for the cured strain. This may indicate delayed nodulation by the cured strain. The reduction in initial nitrogenase specific activity for plants nodulated by USDA 206C may also be the result of delayed nodulation by the cured strain. This could indicate early differences in nodule maturity between the wild-type and cured strains. A second factor that may contribute to the initial reduction in nitrogenase specific activity is the loss of plasmidborne nifgene copies by the cured strain. At 50 days, however, nitrogenase specific activities were approximately Plants nodulated by strain USDA 206 showed higher per plant nitrogenase activities. Initially, this may be attributed to both enhanced nodulation and nitrogenase specific activity for this strain. In older USDA 206-inoculated plants, nodulation alone must have been responsible for higher per plant nitrogenase activities, because nitrogenase specific activity was nearly equal for both strains 50 days after inoculation.
Plant dry weight data showed that 50 days after inoculation, plants inoculated with the wild-type strain were 52% larger than those inoculated with the cured strain. Total nitrogen data indicate that the wild type-inoculated plants have a higher total nitrogen accumulation than do the plants inoculated with the cured strain. The percentage of nitrogen, however, showed no difference between plants inoculated with the wild-type or cured strain. This indicates that plants nodulated by strain USDA 206 produced more dry matter because of a higher total nitrogen supply.
We conclude that loss of copies of genes involved in symbiosis results in decreased symbiotic effectiveness. Further investigation to determine whether the addition of genes involved in symbiosis would result in an increase in the effectiveness of strains is warranted by this work. Currently, efforts are under way to transfer Sym plasmids between various R. fredii strains to see whether symbiotic effectiveness can be enhanced.
